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ARTICLE INFO ABSTRACT 

Article type: 
Research Article 

Background: Pickering emulsions, one of the most innovative emulsion 

systems, have recently attracted considerable attention. The main 

advantage of these systems is their high stability against coalescence. 

Aims: To evaluate the effect of saccharide type and the Maillard 

reaction on the stability of high internal phase Pickering emulsions as 

well as their structural and physicochemical properties. 
Methods: Particle size, surface tension, emulsifying properties, 

hydrodynamic diameter, and surface electrical charge (zeta potential) of 

whey protein microgelïmaltodextrin conjugates were measured. 
Results: The emulsion stabilized with the microgelïinulin 

nanoconjugate formed a dense network with the smallest oil droplet size 

(8.9 µm) and the lowest creaming index (34%). This emulsion also 

exhibited the highest viscosity, emulsifying activity, and physical 

stability. These findings are attributed to the increased degree of 

conjugation and zeta potential, as well as the reduced surface tension of 

saccharide-modified microgel nanoparticles. FTIR spectroscopy was 

used to investigate the functional groups in the product. Considering the 

low amounts of protein and saccharide used, and despite the fact that 

neither inulin nor maltodextrin are gel-forming agents capable of 

creating a network, the Maillard reaction in the conjugated compounds 

played an effective role in the formation of high internal phase Pickering 

emulsions. 
Conclusion: The conjugation of whey protein microgel nanoparticles 

with inulin and maltodextrin can be considered an effective strategy for 

producing stable Pickering emulsions with desirable physicochemical 

properties for applications in the food, pharmaceutical, and cosmetic 

industries. 
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Extended Abstract 

Introduction:  Pickering emulsions, an innovative 

emulsion system, have recently attracted 

significant attention. These emulsions achieve 

stability through the use of solid particles rather 

than synthetic surfactants, offering high resistance 

to coalescence. Unlike surfactants, these particles 

are insoluble in water and oil, and they stabilize the 

emulsion by forming a physical barrier at the oil-

water interface, which prevents droplet merging. 

Such features make Pickering emulsions a 

sustainable, environmentally friendly, and safe 

choice for applications in the food, pharmaceutical, 

and cosmetic industries. With the rising demand 

among consumers for natural and safer products, 

there is increasing interest in developing 

biocompatible, particle-stabilized Pickering 

emulsions. In recent years, biopolymersðoften 

referred to as ñgreenò alternativesðhave been 

explored to replace synthetic emulsifiers in food 

products. Biopolymers, including proteins and 

carbohydrates, offer nutritional value, natural 

origins, and biocompatibility, making them 

appealing as replacements for industrial 

emulsifiers. Proteins are useful for emulsification 

due to their amphiphilic nature but can be unstable 

under external processing conditions such as 

temperature, pH, and salts. Carbohydrates, on the 

other hand, enhance emulsion stability by 

increasing viscosity but are not surface-active 

enough to function as emulsifiers on their own. 

However, combining and modifying proteins and 

saccharides can enhance their emulsifying 

properties. Key modifications include forming 

protein microgel structures or conjugating proteins 

with carbohydrates via the Maillard reaction, 

which improves their functional stability, thermal 

resistance, and solubility. Whey protein, a cheese 

industry byproduct rich in essential amino acids, is 

known for its rapid absorption and high 

bioavailability. Due to its favorable functional 

properties, including three-dimensional network 

formation, strong particle bonding, and 

biocompatibility, whey protein microgels are 

considered a promising stabilizer for Pickering 

emulsions. Conjugating whey protein microgels 

with saccharides such as inulin and maltodextrin 

via the Maillard reaction can further enhance their 

emulsifying capabilities, affecting properties like 

surface tension, and improving stability against 

temperature and pH fluctuations. Inulin and 

maltodextrin are commonly used saccharides in 

food science. Maltodextrin, a tasteless, water-

soluble oligosaccharide, is widely used due to its 

low cost and ease of production from corn starch. 

In contrast, inulin, a fructan polysaccharide with 

prebiotic benefits, is non-digestible and reaches the 

large intestine intact. It is valued for its ability to 

reduce calorie intake, lower blood lipids, and 

increase satiety, making it popular in low-calorie 

foods as a thickening and stabilizing agent. This 

study aims to investigate the effectiveness of whey 

protein microgel conjugates with inulin and 

maltodextrin in stabilizing Pickering emulsions. 

The primary focus is to assess the influence of 

saccharide type and the Maillard reaction on 

emulsion stability, structure, and physicochemical 

properties in systems with a high internal phase. 

The findings contribute to understanding 

polysaccharide roles in protein conjugates, 

supporting the development of more stable and 

safer Pickering emulsions for various industries. 
Materials and Methods: Whey protein isolate 

was dissolved in Milli-Q water to a concentration 

of 40 mg/mL. The protein dispersion was stirred at 

25 °C for 2 hours, then incubated at 4 °C for 12 

hours to ensure full hydration. The pH was adjusted 

to 5.80 ± 0.05 using 1.0 M HCl with a pH-meter. 

Next, the dispersion was heated in a water bath at 

85 °C for 15 minutes, without stirring, to form 

whey protein microgels (WPMs), and rapidly 

cooled to 4 °C in an ice-water bath. Freshly 

prepared WPM was then combined with inulin (In) 

and maltodextrin (Md) at a 2:2 protein-to-

saccharide ratio, and these were labeled as 

In:WPM and Md:WPM, respectively. 

Additionally, a mixture containing both 

saccharides in a 2:1:1 protein:inulin:maltodextrin 

ratio was prepared and labeled In:Md:WPM. All 

mixtures were prepared at a total concentration of 

4% w/w. The pH was adjusted to 8.0 using NaOH. 

The dispersions were then heated in a 90 °C water 

bath for 1 hour, followed by rapid cooling in an ice-

water bath. Samples were dialyzed against Milli-Q 

water (pH-matched) using a 14,000 Da molecular 

weight cutoff membrane, and stored at 4 °C for 

further analysis. WPM heated without 

carbohydrate was labeled WPM. To ensure 

repeatability, three separate samples were prepared 

per run, with each experiment conducted in 

triplicate. After the Maillard reaction, degree of 

grafting (DG), particle size, zeta potential, and 

surface tension of the nanoparticles were 

measured. For HIPPE preparation, soybean oil (űoil 

= 0.80) was added to both conjugated and 

unconjugated WPM dispersions (pH = 7.0). 

Emulsification was achieved via homogenization 

at 24,000 rpm for 4 minutes using an Ultra-Turrax 
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disperser, and the emulsions were analyzed on the 

same day. FTIR spectroscopy, droplet size, 

polydispersity index (PDI), emulsification activity 

index (EAI), emulsification stability index (ESI), 

creaming index, and viscosity of HIPPEs were also 

determined. 
Results and discussion: Regarding 

modification/conjugation degree, the Maillard 

reaction enabled covalent bonding between whey 

protein microgel and saccharides, with inulin 

(polysaccharide) showing a higher degree of 

conjugation than maltodextrin (oligosaccharide) 

due to its longer chain length and greater 

availability of carbonyl groups. Without 

carbohydrates, modification in WPM was minimal, 

likely from trace lactose interactions. The particle 

size increased with saccharide addition, with inulin 

contributing more significantly due to its larger 

chain, which expanded the WPM particlesô 

volume. This larger size supports stability in high 

internal-phase Pickering emulsions. After the 

Maillard reaction, increased zeta potential 

improved electrostatic repulsion and stability, as all 

samples carried a negative charge at pH 7 (above 

WPMôs isoelectric point). All conjugated WPM 

particles reduced surface tension, a critical factor 

for emulsion stability. Inulin showed a greater 

reduction in surface tension than maltodextrin due 

to its long, unbranched chain, which better covers 

the particle surfaces. In terms of HIPPEs, FTIR 

analysis indicated characteristic protein-related 

amide bands and triglyceride peaks from the oil 

phase, with changes in amide peaks supporting 

protein modification during glycation. Moreover, 

saccharide addition led to smaller oil droplets, 

which are more stable, as larger WPM particles 

occupied more space, restricting oil mobility and 

droplet size. WPM conjugated with carbohydrates, 

especially inulin, showed higher emulsion activity 

index than unconjugated WPM. Inulin's large and 

linear structure enabled better surface protection 

around oil droplets, enhancing stability. Similarly, 

conjugated WPM-stabilized emulsions had greater 

stability than unconjugated ones. Inulin's structure 

formed a stronger protective layer compared to 

maltodextrin, reducing droplet agglomeration and 

enhancing stability. Also, conjugation with 

saccharides, particularly inulin, increased viscosity 

and emulsion uniformity. Higher viscosity 

supports stability by increasing the interfacial area 

and promoting shear-thinning behavior. Finally, 

the creaming index decreased with carbohydrate 

addition, particularly with a higher inulin-to-

maltodextrin ratio, due to increased oil droplet 

density and viscosity, reflecting the positive impact 

of the Maillard reaction on stability and 

creaminess. 

Conclusion: The findings of this study indicate 

that conjugating whey protein microgels (WPM) 

with inulin and maltodextrin via the Maillard 

reaction is an effective method for producing stable 

Pickering emulsions with a high internal phase. 

Among the compounds tested, WPM conjugates 

with inulin exhibited a greater impact on improving 

emulsion properties and stability. This enhanced 

functionality is likely due to inulinôs longer 

molecular chains, which provide stronger steric 

repulsion, lower surface tension, and form more 

stable interfacial layers compared to maltodextrin. 

Overall, this research highlights the substantial 

potential of the Maillard reaction for enhancing 

emulsion performance and boosting the 

emulsifying capacity of natural proteins by 

conjugating them with saccharides. Conjugated 

whey protein nanoparticles with inulin and 

maltodextrin show promise as an effective 

approach for creating stable Pickering emulsions 

with favorable physicochemical characteristics for 

applications in the food, pharmaceutical, and 

cosmetic industries. Additionally, these Pickering 

emulsions can serve as precursors or integral 

components in innovative products, such as 

oleogels, paving the way for further advancements 

in these fields. 
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ā½» ½w¤·wÅwĉ ÿ IóÁÿ¾îĊù ¢·wÅ èĉ¾Õ ¿v üĊu£ÿ¾~ ćv  ¹w¬ĉv  

ºLýĀĊ~    ÿ  ĈLÆýđvÿĀí  ÿ  üĊu£ÿ¾~  üĊz  ĂñÿÂþí  ¡đwÎ£v

  ĈÕ ¡v½ºĊăĀz¾í  ā½wLÉv ¹½ĒĊLù ÈþLívÿ¹¾í  ĂLí    y«Āù

¹ĀL{Ąz  ĈñÂĉÿ  ÿ üĊu£ÿ¾~ ć¹¾îöúÝ ćwăºĉ½wíwÅ  I ÈĉvÀåv

Ĉ£½v¾³ ¢ùÿwêù   ÿ    üĉv ¢ĊõĒ³Ĉù ¡đĀÎ´ù$ ¹¹¾ñ  ĈÅwz¾í

 ć¾òÆÝ ÿ-+-,  )# 

 xj üĊu£ÿ¾~  ¾Ċþ~  ć¿wÅ¾Ċþ~ ¢ÞþÍ Ĉ{ýw« ¡đĀÎ´ù ¿v Ĉîĉ

 Ăí ¢Åv äĊÕ ćÿw³ā¹¾¤Æñćv   Ăí ć½ÿ¾Ñ ĂþĊùj ćwăºĊÅv ¿v

Ĉù x¼« ¢Ý¾Å ĂzºýĀÉĈù I)ºÉwz  óÁÿ¾îĊù  üĊu£ÿ¾~ ćwă

xj  ¢Ċözwé Ăöú« ¿v xĀöÖù ć¹¾îöúÝ ¡wĊÍĀÎ· ôĊõ¹ Ăz ¾Ċþ~

Ăî{É ôĊîÊ£ĂÅ ćwăvĀ£ IćºÞz  wz ćĀé ćwăºýĀĊ~ ¹w¬ĉv Ĉĉwý

 ¢Æĉ¿ ÿ ¾òĉ¹ ¡v½»ĂþĉÀñ ûvĀþÝ Ăz Iđwz ć½wñ¿wÅ  yÅwþù ćv

ûĀĊÆõĀùv ć¿wÅ½vºĉw~ ćv¾zāºÉ ±¾Öù ðþĉ¾îĊ~ ćwă Ăz )ºýv

óÁÿ¾îĊù üĉv ć¹¾îöúÝ ËvĀ· ¹Ā{Ąz IāÿĒÝ  èĉ¾Õ ¿v wă

  wz ûºÉ ĂñÿÂþíwăºĉ½wíwÅĈĉ    Iüĉ¾¤Æí¹Ā¤õwù ÿ üĊõĀþĉv ºþýwù

Ĉù Ċözwé ºývĀ£ ¢ûj ćwăûĀĊÆõĀùv ć¿wÅ½vºĉw~ ćv¾z v½ wă wă  

xj  üĊu£ÿ¾~ óÁÿ¾îĊù û¹¾í  ĂñÿÂþí  )ºă¹  ÈĉvÀåv  wz ¾Ċþ~

Ĉù wĄþ£ Ăý ¹½ĒĊù Èþívÿ èĉ¾Õ ¿v wăºĉ½wíwÅ  ½w¤·wÅ ºývĀ£

ĂÅûĀĊÆõĀùv ¡w{§ ÿ ćºÞzĈù Ăîöz IºÊ¸z ¹Ā{Ąz v½ wă  ¾z ºývĀ£

 ć½vºĉw~ ÿ Ĉ´ÖÅ ÈÊí ºþýwù ĈĉwĊúĊÉĀîĉÀĊå ¡wĊÍĀÎ·  ½¹

ÿ wù¹ ¾zv¾z pH  ºÉwz ½v¼ñ¾Ċ§w£ ÀĊý. 

  ÿ¹ üĉ¾¤Æí¹Ā¤õwù ÿ üĊõĀþĉv¡v½ºĊăĀz¾í  ¹¾z½wí¾~    ÷ĀöÝ ½¹

  üĉ¾ĊÉ øÞÕ ºéwå ćºĉ½wíwÅĀòĊõÿv üĉ¾¤Æí¹Ā¤õwù )ºþ¤Æă Ĉĉv¼á

 ãĒ·¾z$ ¹¾Å xj ½¹ óĀö´ù ÿ #ÀíĀöñ ¢z¾É ãĒ·¾z$

  ûv½wîúă ÿ ìĊíÿ¹$ ¢Åv #Ă¤ÅwÊý,443 ½¹Ā~ ¡½ĀÍ Ăz Ăí I#

wĉ ðý½ºĊæÅ  Ĉù Ã¾¤Å¹ ½¹ ØĊöá ¢z¾É  üĉ¾¤Æí¹Ā¤õwù )ºÉwz

ûv¿½v Ĉív½Ā· ćwăºĊtĀöíÿ½ºĊă ¾¨ív Ăz ¢{Æý  ā¹wù ÿ ā¹Āz ¾£

ā¹¾¤Æñ ¡½ĀÍ Ăz Ăí ĈöÍv ÷w· ā¹wæ¤Åv ¹½Āù ûj ºĊõĀ£ ½¹ ćv

Ĉù ½v¾é IÄĊíwýÿ¾í$ ¢Åv ¡½» Ă¤ÅwÊý I¹¾Ċñ,443#. vĉõĀþĊü I

ĉì  ö~Ĉĉ½wíwÅº  Ö·Ĉ  wăº³vÿ ¿vć    #ûw¤íÿ¾å$ ¿Ā¤íÿ¾å  ¢Åv

Ĉù ĂíºývĀ£    wzĂ«½¹wăć  â¤ùĊ¾   ö~ Ċ¾úĉāÀ  ûºÉ  ºÉwzv )ĉõĀþĊü    Ăz

øĉÀýj ¹Ā{ý ôĊõ¹  zûwÆýv ćv¾  özwé Ċ¢  øÒă  ¼~ĉ¾ć  v¾zwþz I¹½vºýĉü 



wêùĉĂÆ §m£Ċ¾ vĉõĀþĊü ¾¤Æí¹Ā¤õwù ÿĉü  ÿ ¾zĉñÂĈwăć ÆõĀùvĊûĀwăć ~Ċ¾îĉðþ w~ĉāºÉ½vº ù wzĊóÁÿ¾î u£ÿ¾~Ċü  xjþ~Ċ¾ ¾Õ ¿v ĉè ù ÈþívÿĊ¹½Ē                    .3 

Æù ā¹½Ā¸ý ¢Å¹ ¡½ĀÍ ĂzĊ¾  Å½ w£ v½ Ç½vĀñĊûº    ā¹ÿ½ Ăz

Õ ï½ÀzĈ    ā¹¾í  ûvĀþÝ Ăz ÿĉì  ¾~ćĊz£ĀĊì  ù ôúÝĈºþí  )  üĉv

  ¡v½ºĊăĀz¾í¾õwí Èăwí ¦Ýwz ć  v¼á ¹vĀùĈĉ  z¾¯ ÿ Ĉ   ûĀ·

ùĈI¹ĀÉ  õw³ ½¹ĈÅ ÃwÆ³v Ăí Ċ ¾ć  vÀåv v½ĉÈ  ùĈºă¹  õ$Ĉ    ÿ

  Iûv½wîúă-+--v )#ĉü  ½wíwÅĉº  ā¹¾¤Æñ ½ĀÕ Ăzvć   ûvĀþÝ Ăz

w~ ÿ āºþă¹ ÷vĀé ôùwÝĉ½vº  v¼á ¹vĀù ½¹ ËĀÎ· Ăz āºþþí Ĉĉ    wz

¾õwíć  w~Ċĉü  ù ā¹wæ¤ÅvĈ¹ĀÉ  ½Ēñw~ v¿ĀÅ¹$ĉþĈ    ûv½wîúă ÿ

-+-,õ JĈ  ûv½wîúă ÿ-+-- )# 

ĂñÿÂþí  ĈÊ¸z¾§v  ĂÆĉwêù  ÿ  ĈÅ½¾z  Ăz  ÈăÿÂ~  üĉv  ćwă

xj üĊu£ÿ¾~ óÁÿ¾îĊù  ¢·wÅ ½¹ üĉ¾¤Æí¹Ā¤õwù ÿ üĊõĀþĉv wz ¾Ċþ~

ûĀĊÆõĀùvĈù ðþĉ¾îĊ~ ćwă IèĊê´£ üĉv ĈöÍv ãºă )¹¿v¹¾~

ºĉ½wíwÅ ÛĀý ¾Ċ§m£ Ĉzwĉ¿½v    ¹½ĒĊù Èþívÿ üĊþ°úă ÿ ć½vºĉw~ ¾z

đwz āºþív¾~ ¿wå wz ðþĉ¾îĊ~ ûĀĊÆõĀùv    ÿ  ÿ ½w¤·wÅĈñÂĉÿ  ćwă

ĈĉwĊúĊÉĀîĉÀĊå  ûj  Ĉù ÈăÿÂ~ üĉv ªĉw¤ý )¢Åv  ë½¹ Ăz ºývĀ£

Ĉö~ Èêý ¾¤ĄzĂñÿÂþí ½¹ wăºĉ½wíwÅ ĂÞÅĀ£ ÿ ĈþĊu£ÿ¾~ ćwă

ûĀĊÆõĀùvüúĉv ÿ ¾£½vºĉw~ ðþĉ¾îĊ~ ćwă  äö¤¸ù ÜĉwþÍ ½¹ ¾£

ºþí ìúí. 

¹vĀù Çÿ½ ÿ wă 

¹vĀù 

xj üĊu£ÿ¾~ ĂõÿÀĉv  Ĉĉv¼á ¹vĀù Ĉööúõv üĊz ¢í¾É ÔÅĀ£ I¾Ċþ~

 )ºÉ vºăv #wîĉ¾ùj āº´¤ù ¡đwĉv$ ówþÊý¾¤þĉv ¹Āå ĀîÆĉĀĉÿv¹

$ đwz ûĀĊÅvÀĉ¾úĊö~ Ă«½¹ wz üĊõĀþĉvDP  Ò  -.  ¢í¾É ¿v #

û¿ÿ wz üĉ¾¤Æí¹Ā¤õwù )ºÉ ĂĊĄ£ #ºþöă$ óvºþÅÿ½    ĈõĀîõĀù,+++ 

  ¹ÿº³ ûĀĊÅvÀĉ¾úĊö~ Ă«½¹ ÿ ûĀ¤õv¹0  ûĀĉ¹¾òþĉv ¢í¾É ¿v I

GmbH    ìĉ  ¿v  wĉĀÅ  üáÿ½  )ºÉ  üĊùw£  #ûwúõj  ½ĀÊí$

  ÿ ¾òĉ¹ ĈĉwĊúĊÉ ¹vĀù Ăúă )ºÉ ć½vºĉ¾· Ĉö´ù ¢í½wù¾~ĀÅ

ã¾ÞùºÉ ā¹wæ¤Åv ĂÞõwÖù üĉv ½¹ Ăí ĈĉwăĂ«½¹ ¿v Iºý  ć

  I¡w¤Æù½v¹$ ë¾ù ¢í¾É ¿v ÿ ā¹Āz ĈăwòÊĉwù¿j ÿ ówîĊ¤Ċõwýj

āºÉ ĂĊĄ£ #ûwúõj)ºýv 

 

 

 
1-Whey Protein Microgel 
2-Inulin 

xj óÁÿ¾îĊù ĂĊĄ£ ¾Ċþ~ 

xj üĊu£ÿ¾~ ĂõÿÀĉv  ¢Úöá ½¹ ¾Öêù xj ½¹ ¾Ċþ~/+  ĈöĊù ¾z ÷¾ñ

ĈöĊù$ ¾¤Ċõmg/mL  /+  )ºÉ ô³ I#+- *+"   ¢Ą« ºĉv¿j øĉºÅ

  ½¹ Ĉzÿ¾îĊù Ĉõwú¤³v ¢ĊõwÞå ¿v ć¾ĊñĀö«  Ăz ć½vºĄòý óĀÕ

  ½¹ IôÍw³ ĈþĊu£ÿ¾~ ûĀĊÅ¾ Æĉ¹ ĈýÀúă )ºÉ ĂåwÑv óĀö´ù

  ¡ºù Ăz çw£v ćwù¹-    ćwù¹ ½¹ Mw¤ĉwĄý ÿ I¢Év¹ Ăùv¹v ¢ÝwÅ

  ¡ºù Ăz ów°¸ĉ,-    ôùwí ć¾Ċòzj ¿v ûwþĊúÕv ćv¾z I¢ÝwÅ

  Ä Å  )¹¾í  ¢³v¾¤Åv  üĊu£ÿ¾~pH   ¹ºÝ  ćÿ½  IĂýĀúý

+0 *+ϻ3+ *0 Āù ìĉ ìĉ½ºĉ¾öí ºĊÅv ¿v ā¹wæ¤Åv wz IĈ~ ÿ I½đ(

v­  ÷ÿ¾¤ù ¾¤ù2//    Iûj ¿v Ä~ )ºÉ øĊÚþ£ #ÄĊĉĀÅ IĀtwÆĉ¾ă$

  ćwù¹ ½¹ ßv¹ xj ÷wú³ ½¹ IĈýÀúă ûÿºz ûĀĊÅ¾ Æĉ¹30    Ă«½¹

  ¡ºù Ăz ÃĀĊÆöÅ,0   óÁÿ¾îĊù w£ IºÉ ā¹v¹ ¡½v¾³ ĂêĊé¹

xj üĊu£ÿ¾~  IĈă¹ ¡½v¾³ ûwù¿ ÷wú£v wz )¹ĀÉ ôĊîÊ£ ¾Ċþ~

ĂýĀúýôê¤þù ¶ĉ ÿ xj ÷wú³ Ăz ¢Ý¾Å Ăz wă  ćwù¹ w£ ÿ/  Ă«½¹

 ć¾îÆÝ ÿ ĈÅwz¾í$ ºýºÉ ìþ· ÃĀĊÆöÅ-+-, )# 

©ÿ¹ÀùĀýwý ½w¤·wÅ ôĊîÊ£¹½ĒĊù Èþívÿ ćwă 

xj üĊu£ÿ¾~ óÁÿ¾îĊùć¾Ċþ~  ,$  WPM  I¹Āz āºÉ ĂĊĄ£ ā¿w£ Ăí #

  ¢{Æý  wz-5-  üĊõĀþĉv  wz  Iºĉ½wíwÅ5üĊu£ÿ¾~-  $In ÿ  #

 üĉ¾¤Æí¹Ā¤õwù.  $Md  ¡½ĀÍ Ăz yĊ£¾£ Ăz ÿ āºÉ ÓĀö¸ù #In: 

WPM    ÿMd: WPM   ĂýĀúý üĊþ°úă )ºýºÉ ć½v¼òùwý

  ¢{Æý wz ºĉ½wíwÅ Ĉö~ ÿ¹ ¾ă wz üĊu£ÿ¾~ ¿v ôîÊ¤ù,5,5-  

  ¡½ĀÍ Ăz ÿ āºÉ ĂĊĄ£ üĉ¾¤Æí¹Ā¤õwù5üĊõĀþĉv5üĊu£ÿ¾~In:Md: 

WPM  ÓĀö¸ù üĉv Ĉùwú£ )ºÉ ć½v¼òùwý  Ĉöí ¢Úöá wz wă/  

$ Ĉý¿ÿ*û¿ÿ ºÍ½¹w/w   "/#    )ºýºÉ ĂĊĄ£pH    IûĀĊÅ¾ Æĉ¹

  ćÿ½3  $ ¹ĀÅ óĀö´ù ¿v ā¹wæ¤Åv wzNaOH  Ä Å )ºÉ øĊÚþ£ #

ûĀĊÅ¾ Æĉ¹  ½¹ xj ÷wú³ ½¹ wă4+   ¡ºù Ăz IÃĀĊÆöÅ Ă«½¹

  ûv½wîúă ÿ ĈÅwz¾í $ ºýºÉ ā¹v¹ ¡½v¾³ ¢ÝwÅ ìĉ-+,4 )#

  ówÅ ½¹ ûv½wîúă ÿ ĈÅwz¾í Ĉö{é ¡wÞõwÖù è{Õ-+,4  ûwù¿ üĉv I

¡½v¾³ ćwù¹ ÿz ¾¬þù Ĉă¹ Èăwí IĂþĊĄz ûºÉ ĂîĉĒñ Ă«½¹ Ă

 ¹½ĒĊù Èþívÿ Ă¤å¾ÊĊ~ ¡đĀÎ´ù ôĊîÊ£/  $AMREs ÿ #

ĈñÂĉÿ ¹Ā{Ąz üĊþ°úăćwă  Ĉù ¡đĀÎ´ù ćv¾òöúÝ  Ä~ )¹¹¾ñ

3-Maltodextrin 
4- Advanced Maillard Reaction End-Products 




